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(54) An optical waveguide device, an optical modulator, a mounting structure for an optical 
waveguide device and a supporting member for an optical waveguide substrate 



(57) An optical waveguide device 1 A has an optical 
waveguide substrate 15A and a supporting body 8 for 
supporting the substrate 15 A. The substrate 15A has a 
main body 2 made of an electrooptic material and having 
a main face^2a and an opposing face 2b, optical 
waveguides 4A, 4B, and electrodes 3A, 3B, 3C for ap- 



plying an electrical signal on the optical waveguides. At 
least a part of the opposing face 8a of the supporting 
body 8 opposing the substrate 15A is covered with a 
conductive layer 7A. It is thus possible to reduce the res- 
onance due to substrate radiation of microwave into the 
whole of the optical waveguide substrate and supporting 
body. 



Fig. 1 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to an optical 
waveguide device, an optical modulator, a mounting 
structure for an optical waveguide device and a support- 
ing member for an optical waveguide substrate. 

2. Related Art Statement 

[0002] Recent development of multimedia systems 
demands a broadband communication network system. 
An optical transmission system operating on a frequen- 
cy higher than 10 Gb/s has been already commercial- 
ized. Such system capable of operating on a higher fre- 
quency is expected. A lilhium niobate optical modulator 
or a semiconductor field absorption modulator (Electro- 
absorption modulator: EA modulator) is used as a de- 
vice for modulating an electrical signal (microwave sig- 
nal) with a frequency of not lower than 10 Gb/s. 
[0003] A lithium niobate optical modulator is com- 
posed of a Mach-Zehnder type optica! waveguide and 
a travelling wave type electrode. In such type of modu- 
lator, for realizing a high frequency modulation of micro- 
wave with a frequency not lower than 10 Gb/s, it is im- 
portant and indispensable to satisfy a velocity matching 
condition of the microwave and optical wave. The ve- 
locity matching has been satisfied by providing a thicker 
electrode or by forming a layer made of a low dielectric 
constant between a substrate and electrode, so as to 
reduce the effective refractive index of the microwave. 
[0004] Alternatively, it may be effective to provide a 
thinner optical waveguide substrate with a thickness of 
as small as 1 0 ujti for satisfying the velocity matching 
condition at a higher frequency. The thickness of 1 0 \im, 
however, is the same level as the size (half value width: 
1/ e 2 ) of the optical waveguide. The light spot propagat- 
ing in the optical waveguide may be flattened so as to 
increase the connecting loss with an outer fiber connect- 
ed with the waveguide. In addition to this, the surface 
roughness of the waveguide substrate may affect the 
light propagating in the waveguide so as to increase the 
propagating loss of the light. The assignee disclosed the 
following invention in Japanese Patent laid-open publi- 
cation 133, 159A/ 1998 for providing a solution of the 
above problems. In the invention, a thicker portion in- 
cluding an optical waveguide and a thinner portion ad- 
jacent to the thicker portion are provided in an optical 
waveguide substrate used for a travelling wave type op- 
tical modulator. The thickness of the thinner portion is 
adjusted to a small value of, for example, 10 ^.m. It is 
thereby possible to prevent the deterioration of the op- 
tical insertion loss, and to realize a high frequency opti- 
cal modulation without the necessity of a buffer layer of 
silicon oxide. Further, a product (Vn • L) of a driving volt- 



age Vtc and length of an electrode L may be advanta- 
geously reduced. 

SUMMARY OF THE INVENTION 

5 

[0005] Further, the assignee filed Japanese patent 
application 101 , 729/2001 , and disclosed the following 
invention. That is, a thin optical waveguide substrate is 
joined with a separate reinforcing supporting body at the 
10 bottom face of the substrate to give an optical modulator 
with a mechanical strength sufficient for the handling. 
Such modulator with a thin optical waveguide substrate 
is free from the loss (ripple) of transmission property 
(S21) due to the resonance of substrate. Such ripple has 
15 been observed in a prior optical modulator using a thick- 
er substrate with a thickness of several hundreds u.m to 
several millimeters. 

[0006] In such modulator having a thin optical 
waveguide substrate joined with a separate supporting 
body, however, the inventors found that a ripple in S21 
property of microwave may be observed in a frequency 
range lower than a frequency band intended for use. 
[0007] When microwave signal with a frequency of not 
lower than 10 Gb/s is supplied on an electrical terminal 
of an optical modulator, the reinforcing supporting body 
for the optical waveguide may have a thickness of the 
same level of the wavelength of the supplied microwave. 
The microwave may thereby induce the resonance of 
the reinforcing supporting body, resulting in a transmis- 
sion loss of microwave. Such transmission loss may be 
observed as ripples. An optical modulator may be used 
only in a frequency band lower than a frequency where 
a ripple is observed. For example, when an optical mod- 
ulator is intended for use at a frequency of 40 Gb/s ac- 
cording to its specification, it is required to prevent a rip- 
ple due to the resonance of the supporting body at least 
in a frequency band not higher than 40 GHz. 
[0008] It is considered that the microwave signal ap- 
plied on the optical waveguide substrate is leaked into 
the underlying reinforcing body to induce the resonance 
of the body. 

[0009] An object of the present invention is to provide 
a novel optical waveguide device having an optical 
waveguide substrate and a supporting body for support- 
ing the substrate, and to reduce the resonance due to 
the substrate radiation mode into the whole of the 
waveguide substrate and supporting body. 
[0010] Another object of the present invention is to 
shift a ripple of transmission property of microwave due 
to the resonance of the supporting body toward a higher 
frequency range. 

[0011] The present invention provides an optical 
waveguide device comprising an optical waveguide 
substrate and a supporting body for supporting the 
waveguide substrate. The optical waveguide substrate 
has a main body made of an electrooptic material, an 
optical waveguide and an electrode for applying an elec- 
trical signal on the waveguide, and the supporting body 
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has an opposing face opposing the main body of the 
waveguide substrate. The optical waveguide device fur- 
ther has a conductive layer covering at least a part of 
the opposing face of the supporting body. 
[0012] Further, the present invention provides a sup- 
porting member having the supporting body and con- 
ductive layer. 

[0013] Further, the present invention provides an op- 
tical modulator having the device wherein the electrode 
applies a voltage for modulating light transmitted in the 
optical waveguide. 

[0014] Further, the present invention provides a 
mounting structure for an optical waveguide device, 
comprising the above optical waveguide device, a hous- 
ing for fixing the device, and a high frequency connector 
for supplying a high frequency electrical signal on the 
electrode. 

[0015] The inventors have studied the cause of a rip- 
ple in a frequency range of for example, 20 to 45 GHz 
as described above in an optical waveguide device hav- 
ing an optical waveguide substrate and a supporting 
body for the substrate. They obtained the following re- 
sults. That is, it is possible to shift the frequency where 
the ripple due to the resonance observed toward a high- 
er frequency, by applying a thinner supporting body for 
reinforcement. In other words, they have confirmed that 
the optical waveguide substrate may function together 
with the separate supporting body concerning the sub- 
strate radiation mode. 

[0016] Further, the inventors tried to provide a con- 
ductive layer between the modulator substrate (optical 
waveguide substrate) and the reinforcing body (support- 
ing body). They finally found that it is thereby possible 
to cut the unnecessary radiation of microwave in a di- 
rection of the thickness of the substrate at the surface 
of the supporting body, because the electric field gener- 
ated by the substrate radiation may be reduced to zero 
at the conductive layer. It is thereby possible to shift the 
frequency of the observed ripple due to the resonance 
toward a higher frequency range. Such solution is effec- 
tive for considerably reducing the high frequency loss 
and shifting the frequency band intended for use of an 
optical modulator toward a higher frequency range. 
[001 7] Besides, it has been known a method of reduc- 
ing the size of an optical waveguide substrate to shift 
the frequency of a ripple toward a higher frequency band 
(Japanese patent number 2669097, Japanese patent 
laid-open publication 241, 115A/1993). In a structure 
having an optical waveguide substrate mounted on a 
supporting body, however, it has not been studied to 
shift a ripple mainly due to the substrate radiation mode 
into the supporting body toward a higher frequency 
band. 

[0018] The conductive layer may preferably be made 
of a material capable of reducing the electric field of the 
microwave to substantially zero. For example, the ma- 
terial for the conductive layer may preferably have a vol- 
ume resistivity of not higher than 10 " 4 il-cm, and may 



preferably be a metal having a high conductivity such 
as gold ; silver or copper, and most preferably be a noble 
metal. 

[0019] The thickness of the conductive layer is not 
5 particularly limited, and may be adjusted considering 
skin effect of microwave at an operating frequency for 
reducing the electrical field of the microwave. Prefera- 
bly, the thickness is not smaller than 0.05 ujti in millim- 
eter wave band and not smaller than 0.5 ujti in micro- 
ti wave band. 

[0020] The conductive layer is provided for cutting the 
substrate radiation mode of the electric field induced by 
microwave into the supporting body and not particularly 
provided for reducing the adverse effects of pyro elec- 
ts tricity. The conductive layer may preferably by formed 
on the opposing face of the supporting body as a con- 
tinuous layer. 

[0021] In particular, it is possible to provide a conduc- 
tive layer covering at least a part of a region of the op- 

20 posing face under a feedthrough portion of the optical 
waveguide device. The reason is as follows. The reso- 
nance due to the microwave radiation from an electrode 
into the main and supporting bodies described above is 
considerable in a feedthrough portion. The above con- 

25 ductive layer is effective for reducing the resonance. 
[0022] In a particularly preferred embodiment, the 
main body of the optical waveguide substrate has a 
main face, bottom face opposing the supporting body, 
and two side faces provided in the direction of width of 

30 the main body. Signal and ground electrodes are formed 
on the main face. An electrode gap is formed between 
the signal and ground electrodes. A feedthrough gap is 
formed between an end portion of the signal electrode 
and the side face, and between the electrode gap and 

35 the side face. The conductive layer covers at least a re- 
gion of the opposing face under the feedthrough gap, 
because the substrate radiation mode is most consider- 
able in the feedthrough gap between the electrodes and 
the side face of the main body. 

40 [0023] Impedance mismatching portions may be ob- 
served other than the above described feedthrough por- 
tion in the optical waveguide device. Such mismatching 
portions include curved parts of the signal or ground 
electrodes, deviations of line widths of the signal and 

45 ground electrodes, and deviations of the gap widths of 
the signal and ground electrodes. The substrate radia- 
tion mode of microwave may be also induced in the mis- 
matching portions so that the resonance of the support- 
ing and main bodies may be caused, so that a ripple in 

50 the S21 property may be observed. It is possible to re- 
duce the ripples due to the curvature of the electrodes, 
the deviations of the line widths and the gap widths of 
the electrodes may be effectively prevented, by forming 
a conductive layer covering substantially whole of the 

55 opposing face of the supporting body. 

[0024] The shape or dimension of the supporting body 
is not particularly limited, and preferably be a shape of 
a plate. 
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[0025] The main body for constituting the optical 
waveguide substrate is made of an electrooptic material 
having ferroelectricity and may preferably be made of a 
single crystal. Such crystal is not particularly limited as 
far as it is effective for light modulation, and includes 5 
lithium niobate, lithium tantalate, lithium niobate-lithium 
tantalate solid solution, potassium lithium niobate, KTP, 
GaAs and quartz. 

[0026] The electrode may be made of a material not 
particularly limited so long as it has a low resistance and 10 
excellent impedance property, including gold, silver, 
copper or the like. 

[0027] The material for the supporting body is not par- 
ticularly limited. It is possible to prevent the influence of 
the change of ambient temperature on the light modu- 15 
lation, by reducing a difference between the linear ther- 
mal expansion coefficient of the main body and that of 
the supporting body. In this case, the materials for the 
main and supporting bodies may be the same or differ- 
ent with each other. 20 
[0028] The material for the supporting body may pref- 
erably be a material having a dielectric constant not low- 
er than that of the electrooptic material constituting the 
main body of the waveguide substrate. In this case, the 
supporting body may preferably be made of the sub- 25 
stantially same kind of single crystal as that constituting 
the main body. 

[0029] This embodiment includes the case that the 
main formulation (for example, main formulation consti- 
tuting not less than 80 mole percent of the whole) is com- 30 
mon with the supporting and main bodies. An ingredient 
or ingredients other than the main formulation may be 
the same or the different with each other. 
[0030] A buffer layer may be provided between the 
surface (main face) and electrode. The buffer layer may 35 
be made of any known material such as silicon dioxide, 
magnesium fluoride, silicon nitride and alumina. 
[0031] In a preferred embodiment, the optical 
waveguide is formed in or on the side of the main face 
of the main body. The optical waveguide may be a ridge 40 
type optical waveguide directly formed on the main face 
of the main body, or a ridge type optical waveguide 
formed on another layer on the main face of the main 
body. Alternatively, the optical waveguide may be an op- 
tical waveguide formed by inner diffusion process such 45 
as titanium diffusion process, or an optical waveguide 
produced by ion exchange process such as proton ex- 
change. The electrode may be on the side of the main 
face of the main body as described above. The elec- 
trode may be directly formed on the main face of the so 
main body, or may be formed on a buffer layer on the 
main face. 

[0032] The optical waveguide substrate and support- 
ing body may be joined with each other by a process not 
particularly limited. The substrate and body may prefer- 55 
ably be joined using an adhesive. In this case, the ad- 
hesive may preferably have a refractive index lowerthan 
that of an electrooptic material for the substrate. More- 



over, the dielectric constant of the adhesive may prefer- 
ably be lower than that of the electrooptic material for 
the main body. 

[0033] The kind of such adhesive agent is not partic- 
ularly limited as far as it satisfies the aforementioned 
conditions. The adhesive includes an epoxy adhesive, 
a thermal setting type adhesive, an ultraviolet curable 
adhesive, and a ceramic adhesive having a thermal ex- 
pansion coefficient near that of the electrooptic material 
such as lithium niobate, for example "ALON CERAMICS 
C" (manufactured by Toa Gosei Co., Ltd. And having a 
thermal expansion coefficient of 13 X10" 6 /K). 
[0034] These and other objects, features and advan- 
tages of the invention will be appreciated upon reading 
of the following description of the invention when taken 
in conjunction with the attached drawings, with the un- 
derstanding that some modifications, variations and 
changes of the same could be easily made by the skilled 
person in the art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] Fig. 1 is a front view schematically showing an 
optical waveguide device 1A according to the present 
invention. 

[0036] Fig. 2 is a front view schematically showing an 
optical waveguide device 1B according to another em- 
bodiment of the invention. 

[0037] Fig. 3 is a front view schematically showing an 
optical waveguide device 1C according to the present 
invention. 

[0038] Fig. 4 is a front view schematically showing an 
optical waveguide device 1 D according to another em- 
bodiment of the invention. 

[0039] Fig. 5 is a front view schematically showing an 
optical waveguide device 1 E according to the present 
invention. 

[0040] Fig. 6 is a front view schematically showing an 
optical waveguide device 1 F according to another em- 
bodiment of the invention. 

[0041] Fig. 7 is a diagram schematically showing an 
optical modulator fixed on a V-connector. 
[0042] Fig. 8 is a graph showing the relationship of 
S21 and frequency in the inventive example 1 and com- 
parative example 1 . 

[0043] Fig. 9 is a graph showing the relationship of 
S21 and frequency according to the inventive example 
2. 

[0044] Fig. 1 0 is a drawing schematically showing an 
optical modulator fitted to a connector of vertical contact 
coaxial type. 

[0045] Fig. 11 is a plan view schematically showing 
an optical waveguide device 1G according to another 
embodiment of the invention, for indicating the locations 
of a signal electrode3B, ground electrodes 3A, 3C, elec- 
trode gaps 5a, 5b and 5, feedthrough gaps 33 and con- 
ductive layers 31 A, 31 B. 

[0046] Fig. 12 is an enlarged view of Fig. 11 mainly 
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showing a feedthrough portion of the device. 
[0047] Fig. 13 is a cross sectional view showing the 
device of Fig. 11 cut along a XIII -XI i I line. 
[0048] Fig. 14 is a cross sectional view showing the 
device of Fig. 11 cut along a XIV-XIV line. 
[0049] Fig. 15 is a plan view schematically showing 
an optical waveguide device 1 H according to still anoth- 
er embodiment of the invention, in which side conduc- 
tive layers 36A and 36B are formed on side faces 12f 
and 12g of a main body 12, respectively. 
[0050] Fig. 16 is a cross sectional view of the device 
1H of Fig. 15 cut along a XVI-XVI line. 

Preferred embodiments of the invention 

[0051 ] The present invention will be described further 
in detail, referring to the attached drawings. 
[0052] In a preferred embodiment, a joining layer is 
interposed between the opposing face of the main body 
of an optical waveguide substrate and conductive layer. 
Figs. 1 to 3 relate to a device according to this embod- 
iment. 

[0053] An optical modulator 1A has an optical 
waveguide substrate 1 5A and a supporting body 8. The 
main and supporting bodies 2 and 8 are plate-shaped. 
Predetermined electrodes 3A, 3B and 3C are formed on 
a main face 2a of the main body 2. Although it is applied 
a so called coplanar waveguide type electrode (CPW 
electrode) configuration in this example, the configura- 
tion of electrodes are not particularly limited. In this ex- 
ample, a pair of branch-type optical waveguides 4A and 
4B are formed between the neighboring electrodes, so 
that a signal voltage may be applied onto each of the 
optical waveguides 4A and 4B in a direction substantial- 
ly parallel with the main face 2a. The optical waveguides 
4A and 4B are of Mach-Ze hinder type structure, which 
is well known and is not particularly illustrated. 
[0054] The supporting body 8 has an opposing face 
8a opposing to a bottom face 2b of the main body 2. A 
conductive layer 7A covers substantially the whole of 
the opposing face 8a as a continuous layer. A joining 
layer 6A is interposed between the conductive layer 7A 
and opposing bottom face 2b, and joins the body 2 and 
8 with each other. 20A is a supporting member. 
[0055] In a preferred embodiment, a space is formed 
in the optical waveguide device. Such space is effective 
for further improving the velocity of propagation of mi- 
crowave. Figs. 2 and 3 relate to this embodiment. 
[0056] In a preferred embodiment, a recess is formed 
on the opposing face of the supporting body to form the 
space. Fig. 2 relates to this embodiment. 
[0057] An optical waveguide device 1 B of Fig. 2 has 
parts substantially same as those of the device 1A of 
Fig. 1 . Such parts are specified using the same numer- 
als as those in Fig. 1 and the explanation may be omit- 
ted. A main body 1 2 has a main face 1 2a, on which elec- 
trodes and optical waveguides are provided. A recess 
1 0 is formed on the side of an opposing face 1 2b of the 



main body 12. As a result, the main body 12 has two 
thinner portions 1 2d, a central portion 1 2c and two outer 
base portions 12e. 

[0058] A supporting body 18 has a flat bottom face 
5 1 8b and upper opposing face 1 8a on which a recess 1 9 
is formed. A conductive layer 7B covers the main face 
1 8a and the surface 1 8c of the recess 19. The opposing 
face 1 8a of the supporting body 1 8 and the bottom face 
1 2b of the main body 1 2 are joined with a joining layer 
10 6B. 29B is a supporting member. 

[0059] By using the device 1B, the mechanical 
strength of the whole device may be preserved by the 
supporting body 18 having a relatively large thickness. 
It is thus possible to provide a strength sufficient for the 
handling to the whole device and to prevent the warping 
of the main body 12. It is also possible to improve the 
velocity of propagation of microwave in the electrodes, 
by applying the main body 12 having a relatively small 
thickness and forming a recess 19 with a sufficiently 
large depth in the supporting body 18. 
[0060] In the invention, a low dielectric material with 
a dielectric constant lower than that of the electrooptic 
material for the main body may be set in the space or 
recess formed in the supporting body. In this case, it is 
preferred that the low dielectric material directly con- 
tacts with the main body 12. It is thereby possible to re- 
inforce or support the thin main body with the low die- 
lectric material. 

[0061] Such low dielectric material includes a glass, 
an organic adhesive such as an epoxy resin, acrylic res- 
in or the like, a layer insulator for producing a semicon- 
ductor, and polyimide resin. 

[0062] In a device 1C shown in Fig. 3, the optical 
waveguide substrate 12 shown in Fig. 2 and supporting 
body 8 shown in Fig. 1 are joined with a joining layer 6A. 
[0063] In a preferred embodiment, the thickness of 
the main body for the optical waveguide device is not 
larger than 200 u,m and more preferably be not larger 
than 1 00 |xm. When a recess or empty space is formed 
in the main body for the device, the thickness of the thin- 
ner portion of the main body where the recess or space 
is formed may preferably be not larger than 100 u,m, 
more preferably be not larger than 50 um , and most pref- 
erably be not larger than 30 urn 

[0064] In the present invention, it may be applied a so 
called asymmetric coplanar strip line electrode (A-CPS 
electrode) pattern. The invention may also be applied 
on a travelling wave optical modulator of a so called in- 
dependent modulation type. 

[0065] The recesses 1 0 and 1 9 may be formed by la- 
ser ablation working using an excimer laser or dicing. 
[0066] In a preferred embodiment, an optical 
waveguide substrate and supporting body may be 
joined with the conductive layer. The conductive layer is 
made of a conductive adhesive agent. It is thus possible 
to provide an optical modulator with a simpler structure. 
[0067] The conductive adhesive agent includes a car- 
bon paste, silver paste and anisotropic conductive film. 
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[0068] Figs. 4 to 7 relate to devices according to this 
embodiment. A device 1 D shown in Fig. 4 has an optical 
waveguide 12 and supporting body 8 joined with a con- 
ductive adhesive 11 A. 20C is a supporting member. 
[0069] A device 1 E shown in Fig. 5 has an optical 
waveguide substrate 12 and supporting body 18 joined 
with each other. A conductive layer 11 B is formed on 
and covers the upper opposing face 1 8a of the body 1 8 
and the surface 18c exposed to a recess 19. The bottom 
face 12b of the substrate 12 and opposing face 18a of 
the body 18 are joined with the conductive adhesive 
11B. 20D is a supporting member. 
[0070] In a device 1 F of Fig. 6, the bottom face 2b of 
the main body 2 and the opposing face 8a of the sup- 
porting body 8 are joined with a conductive layer 11 A. 
[0071 ] The structure for mounting a optical waveguide 
device according to the present invention has the inven- 
tive optical waveguide device, a housing for fixing the 
modulator, and a high frequency connectorfor supplying 
a high frequency electrical signal on the electrode. The 
shape or type of the housing or connector is not partic- 
ularly limited. 

[0072] In a preferred embodiment when the structure 
is mounted in a package, a high frequency connector of 
the vertical contact coaxial type is used. Such combina- 
tion has the following advantages. 
[0073] When so called K connector or V connector is 
used, its coaxial pins are contacted from the side face 
of the optical waveguide substrate. When a coaxial pin 
is used, different from a probe, the radiation from the 
coaxial pin may be easily connected with the supporting 
body. The influence of the substrate radiation in the sup- 
porting body has been more considerable. 
[0074] Fig. 7 shows one embodiment of an optical 
modulator connected with the one of the conventional 
connectors described above. The inventive optical mod- 
ulator such as the modulator 1 B is fixed on the surface 
21a of a mount 21 of a housing 22. An outer connector 
23 is equipped with the housing 22. A coaxial pin 25 is 
equipped with the tip portion 24 of the connector 23. Mi- 
crowave radiation from the coaxial pin 25 may be radi- 
ated easily toward the supporting body 18 as an ar- 
row, (d (Dxm^mtm $ nx i ^ -r) 

[0075] Fig. 1 0 shows an example using the connector 
of the vertical contact coaxial type described above. In 
Fig. 10, an optical modulator 1 is mounted on a mount 
21 of a housing 22. Optical fibers 27 are connected with " 
both end faces of the modulator 1 , respectively, using 
optical fiber arrays 26. The housing 22 has : for example, 
a pair of connectors 28. Each connector 28 has a coaxial 
pin, which is fixed directly over the corresponding elec- 
trode and connected to it. The radiation from the coaxial 
pin is radiated directly into the upper main face of the 
optical waveguide substrate, with only little radiation 
from the side face of the substrate. Such radiation into 
the substrate from the upper main face may be effec- 
tively cut by the conductive layer of the invention. The 
effect of the invention is thus considerable in this case. 



[0076] It is thus possible to realize the same kind of 
contact with a CPW probe and to prevent the radiation 
of unnecessary wave into the supporting body in the di- 
rection of thickness, thereby shifting the ripple due to 

5 the resonance to a higher frequency range. 

[0077] In a preferred embodiment, the conductive lay- 
er covers at least a region of the opposing face under 
the feedthrough portion. Figs. 1 1 to 1 4 relate to this em- 
bodiment. Fig. 11 is a plan view schematically showing 

10 an optical waveguide device 1G, Fig. 12 is an enlarged 
view of the feedthrough portion shown in Fig. 11, Fig. 
13 is a cross sectional view of the device of Fig. 1 1 cut 
along a line XIII-XIII, and Fig. 14 is a cross sectional 
view of the device of Fig. 11 along a XIV-XIV line. 

15 [0078] Each of the main and supporting bodies 12,18 
has a shape of a plate. Optical waveguides 4A, 4B and 
4C of Mach-Zehnder pattern are provided on the main 
face 2a of the main body 12. A signal electrode 3B is 
provided between a pair of ground electrodes 3A and 

20 3C. 

[0079] A recess 1 8c is formed on a supporting face 
1 8a of a supporting body 1 8. Preferably, the recess 1 8c t 
is defined by a smooth and curved face. The shape of 
the main body 12 is substantially same as that shown 
25 in Fig. 2. A joining layer 6B is interposed between the 
opposing face 18a of the body 18 and a base portion 
12e of the main body 12, for joining the bodies 12 and 
18. 20D is a supporting member. 

[0080] In the example, a pair of feedthrough portions 
30 32A and 32B are provided forthe electrodes 3A, 3B and 
3C. In each feedthrough portion, the signal electrode 3B 
has an end part 30 with a larger width. The electrode 
gaps 5a and 5b between the signal electrode 3B and 
ground electrodes 3A, 3C are widened in the end portion 
35 30. These widened end portion 30 and gaps are provid- 
ed in each feedthrough portion for the matching of char- 
acteristic impedance with an outer electrode provided 
in an outer connector. 

[0081] In the present example, a feedthrough gap 33 

40 is provided between the end part 30a of the signal elec- 
trode 30 and the side face 1 2f of the main body 12 : and 
between the electrode gap 5a or 5b and the side face 
12f. Conductive layers 31 A and 31 B cover regions R2 
of the opposing face 18a under the feedthrough gaps 

45 33, respectively, it is thereby possible to reduce the rip- 
ple due to substrate radiation from the connecting part 
of the signal and ground electrodes and an outer con- 
nector. R1 is a region of the opposing face 18a under 
the feedthrough portion 32A or 32B. 

so [0082] A conductive layer may preferably cover at 
least a region R2 of the opposing face right under the 
feedthrough gap 33. The conductive layer, however may 
preferably cover the adjacent parts surrounding the gap 
33, as the layer 31 A shown in Fig. 12. For example, a 

55 distance between the outer periphery of the conductive 
layer 31 A and the periphery of gap 33 may preferably 
be not smaller than 2 G, and more preferably not smaller 
than 3G, provided that the width of the gap 5a or 5b is 
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G. It is thereby possible to further reduce the substrate 
radiation from the connecting portion of the electrodes 
3A to 3C and an outer connecter. 
[0083] In a preferred embodiment, the supporting 
body has a pair of side faces in the direction of the width, 5 
and side conductive layers are provided on the side fac- 
es, respectively. The side conductive layers are electri- 
cally connected with each other. It is thereby possible to 
further reduce the incidence of the ripple. 
[0084] Figs. 1 5 and 1 6 relate to this embodiment. Fig. 10 
15 is a plan view schematically showing an optical 
waveguide device 1H according to the invention, and 
Fig. 16 is a cross sectional view of the device of Fig. 1 5 
cut along a XVI-XVI line. 

[0085] In the present invention, the main and support- 1? 
ing bodies 12 and 18 are substantially same as those 
shown In Fig. 2. In this example, a side conductive layer 
36A is formed to cover the side face 1 8g of the body 1 8 
and side face 1 2g of the body 1 2. A side conductive layer 
36B is formed to cover the side face 1 8f of the body 1 8 20 
and side face 12f of the body 12. The side conductive 
layers 36A and 36B are connected with each other 
through an electrical connecting portion 35 on a bottom 
face 18b. 

[0086] The material forthe side conductive layer is not 25 
particularly limited, and may preferably have a volume 
resistivity of not higher than 10 " 4 Q-cm, The material 
may more preferably be a metal having a high conduc- 
tivity such as gold, silver or copper, and most preferably 
be a noble metal. 30 
[0087] The thickness of the side conductive layer is 
not particularly limited, and may be adjusted considering 
skin effect of microwave at an operating frequency for 
reducing the electrical field of the microwave. Prefera- 
bly, the thickness is not smaller than 0.05 u,m in millim- 35 
eter wave band and not smaller than 0.5 ujti in micro- 
wave band. 

[0088] A pair of the side conductive layers may be 
electrically connected with a method not particularly lim- 
ited. For example, a connecting part 35 may be provided 40 
on the main body 12. Alternatively, the side conductive 
layers may be electrically connected with a conductive 
layer 7B provided on the opposing face. Further, a pair 
of the side conductive layers may be connected with a 
bonding wire. 45 

EXAMPLES 

(Example 1) 

50 

[0089] An optical modulator 1A shown in Fig. 1 was 
produced. In detail, an X-cut 3 inch wafer (made of 
LiNb0 3 single crystal) was used as a substrate. Optical 
waveguides 4A, 4B of Mach-Zehnder type was formed 
in the surface area of the wafer by titanium diffusion and 55 
photolithography. The size of the optical waveguide may 
be set at, for example, 10 ujti at 1/e 2 . CPW electrodes 
3A, 3B and 3C were formed by electroplating. The elec- 



trode gaps of thecentral signal electrode 3B and ground 
electrodes 3A, 3C were 40 urn, the thickness of each 
electrode was 30 um, and the length of the electrode 
was 40 ujti. 

[0090] A dummy wafer for grinding was then fixed on 
a grinding surface plate, and the main body (wafer) for 
a modulator is adhered onto the dummy wafer with the 
main face (with the electrodes) facing the dummy wafer. 
The main body (wafer) 2 for a modulator was then sub- 
jected to horizontal grinding, lapping and polishing 
(CMP) so as to machine the main body 2 to a thickness 
of 15 urn. A conductive layer 7A of Au with a thickness 
of 1|xm was then formed on an opposing face 8a of a 
plate-shaped supporting body 8. The supporting body 8 
was adhered and fixed on the main body for a modulator 
as shown in Fig. 1 , using a film-shaped resin with a thick- 
ness of 100 jim. End faces of each optical waveguide 
(connecting faces for outer optical fibers) were optically 
polished. The resulting wafer was then cut with a dicing 
saw working machine to obtain chips. Each chip had a 
width of 4.4 um. The obtained device 1A had a total 
thickness of 1 mm. 

[0091] A single core fiber array supporting a 1 .55 |_im 
polarization optical fiber was produced. This array was 
contacted with one end face for input of the optical mod- 
ulatorchip 1 A. Anothersinglecore fiber array supporting 
a 1 .3 \i m single mode optical fiber was produced. This 
array was contacted with the other end face for output 
of the chip 1 A. The optical axes of the fibers were ad- 
justed with those of the optical waveguides, and the ar- 
rays and chip were adhered with an ultraviolet light cur- 
able resin adhesive. 

[0092] The transmission property S21 was measured 
using a vector network analyzer using a CPW probe 
"ACP 50-250" supplied by Cascade. The results are 
shown in Fig. 8 as a solid line. As a result, the refractive 
index of microwave "nm" was 2.4. A ripple is not ob- 
served within a frequency range measured. 

(Example 2) 

[0093] An optical modulator 1B shown in Fig. 2 was 
produced. Ti diffusion optical waveguides and CPW 
electrodes were formed on an X-cut wafer of lithium nio- 
bate, as described In the example 1 . The shapes and 
dimensions of the electrodes were the same as those 
in the example 1 . A dummy wafer for grinding was then 
fixed on a grinding surface plate, and a main body (wa- 
fer) for a modulator is adhered onto the dummy wafer 
with the main face with the electrodes facing the dummy 
wafer. The main body (wafer) 2 for a modulator was then 
subjected to horizontal grinding, lapping and polishing 
(CMP) so as to machine the main body 2 to a thickness 
of 15 uxn. The main body was then worked with an ex- 
cimer laser at a region near the ground electrodes to a 
thickness of 10 um to form a recess 10. 
[0094] A groove 1 9 with a width of 0 .3 mm and a depth 
of 0.1 mm was formed in a supporting body 18. A con- 
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ductive layer 7B of Au with a thickness of 1f.im was then 
formed on the opposing faces 18a and 18c. The sup- 
porting body 18 was adhered and fixed on the optical 
waveguide device 1 5B, using a film-shaped epoxy resin 
with a thickness of 100 u,m. End faces of each optical 
waveguide to be connected with outer optical fibers 
were optically polished. The resulting wafer was then 
cut with a dicing saw working machine to obtain chips. 
Each chip 1 B had a width of 4.4 u,m and a total thickness 
of 1 mm. 

[0095] The transmission property S21 was measured 
using a vector network analyzer using a CPW probe 
"ACP 50-250" supplied by Cascade. The results are 
shown in Fig. 9. As a result, the refractive index of mi- 
crowave "nm" was 2.1 9. A ripple was not observed with- 
in a frequency range measured. 
[0096] The modulator 1B was then mounted on a 
housing using a connector of the vertical contact coaxial 
type, as shown in Fig. 10. The S21 property was then 
measured using a vector network analyzer. As a result, 
the measured S21 property was same as that measured 
using a probe as described above. A ripple was not ob- 
served within a frequency range applied for this meas- 
urement. 

(Example 3) 

[0097] An optical modulator 1C shown in Fig. 3 was 
produced. The optical waveguide substrate 15C was 
produced according to the same process as described 
in the example 2. A conductive layer 7A made of gold 
with a thickness of 1 jxm was formed on the surface of 
a plate-shaped supporting body 8. A main body for an 
optical modulator was adhered and fixed onto the sup- 
porting body 8, using a film-shaped epoxy resin with a 
thickness of 100 ujti, to produce a wafer having optical 
modulators 1 C. The resulting wafer was then cut with a 
dicing saw working machine to obtain chips. Each chip 
1 C had a width of 4.4 u.m and a total thickness of 1 mm. 
[0098] The S21 property was measured same as the 
example 1 . As a result, a ripple was not observed within 
a frequency range measured. 

(Example 4) 

[0099] The device 4D shown in Fig. 4 was produced. 
First, the optical waveguide substrate 15C was pro- 
duced according to the same process as the example 
2. The bottom face of the substrate 15C was then ad- 
hered and fixed onto the opposing face 8a of the plate- 
shaped supporting body 8 with Ag paste to obtain an 
optical modulator 1D. 

[0100] The connecting faces (end faces) of the optical 
waveguides to an outer optical fiber was polished. The 
resulting wafer was then cut with a dicing saw working 
machine to obtain chips. (— :&ttrfe) Each chip 1D had a 
width of 4.4 u.m and a total thickness of 1 mm. 
[0101] The S21 property was measured same as the 



example 1 As a result, a ripple or loss was not observed 
within a frequency range measured. 

(Example 5) 

5 

[0102] An optical modulator 1E shown in Fig. 5 was 
produced. That is, the optical waveguide substrate 1 5C 
was produced according to the same process as the ex- 
ample 2. Further same as the example 2, a recess 19 
10 was formed on the opposing face 1 8a of the supporting 
body 1 8. The bottom face of the substrate 1 5C was then 
adhered and fixed onto the opposing face 18a of the 
supporting body 18 with Ag paste to obtain the optical 
modulator 1 E. 

15 [01 03] The connecting faces (end faces) of the optical 
waveguides to an outer optical fiber was polished. The 
resulting wafer was then cut with a dicing saw working 
machine to obtain chips. (— X^w&) Each chip had a 
width of 4.4 jim and a total thickness of 1 mm. 

20 [0104] The S21 property was measured same as the 
example 1 . As a result, a ripple was not observed within 
a frequency range measured. 

(Comparative example 1) 

25 

[0105] An optical waveguide substrate 15A was pro- 
duced according to the same process as the example 
1 A main body 2 for an optical modulator was adhered 
and fixed onto the opposing face 8a of the plate-shaped 
30 supporting body 8 using a film-shaped resin with a thick- 
ness of 100 um, without forming a conductive layer on 
the opposing face 8a. An optical modulator was thus 
produced. 

[0106] The connecting faces (end faces) of the optical 
35 waveguides to an outer optical fiber were polished. The 
resulting wafer was then cut with a dicing saw working 
machine to obtain chips, (i Each chip had a width 
of 4.4 um and a total thickness of 1 mm. 
[0107] The S21 property was measured same as the 
40 example 1. The results are shown in Fig. 8 as broken 
lines. A ripple was observed at a fr of about 25 GHz, 
indicating the deterioration of the frequency character- 
istics. 



[0108] An optical modulator shown in Figs. 11 to 14 
was produced. 

[0109] That is, an optical waveguide substrate 12 was 
so produced as described in the example 2. A conductive 
layer 31 A (thickness of 1 jam) was formed on the oppos- 
ing face of the supporting body 18 in a region R2 right 
under the connecting part to an outer connector. The 
shape of the conductive layer 31 A was rectangular. The 
55 length of the layer 31 A was not shorter than "W+2G". 
The layer 31 A also covers a region R2 right under the 
feedthrough gap 33 between the end part 30a of the sig- 
nal electrode 30 and the side face 1 2f of the main body 
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12. For example, the length of the conductive layer 31 A 
was 580 m- m and width was 150 urn, provided that G = 
40 urn and W = 500 um. Au was provided in the input 
and output regions of the electrodes of coplanar pattern. 
[0110] The main body 12 and supporting body 18 
were adhered and fixed with each other to obtain an op- 
tical modulator 1G. A film-shaped epoxy resin with a 
thickness of 100 jxm was used as the resin 6B for the 
adhesion . The connecting faces (end faces) to outer op- 
tical fibers of the optical waveguide 4C were polished. 
The resulting wafer was then cut with a dicing saw work- 
ing machine to obtain chips. Each chip had a width of 
4.4 uxn and a total thickness of 1 mm. 
[01 1 1 ] A coaxial pin of glass beads for a V-connector 
was directly connected with the signal electrode. The 
ground electrodes were conducted with a package. The 
S21 property of the mounted optical modulator was 
measured using a vector network analyzer. A ripple was 
not generally observed within a frequency range sub- 
jected for the measurement. However, a ripple may oc- 
casionally be observed in the S21 property. It is consid- 
ered that such ripple would be induced by the resonance 
of the substrate due to the substrate radiation from mis- 
matching portions of the impedance in the optical 
waveguides. The mismatching portions may be induced 
due to curved parts of coplanar lines, deviations of line 
widths of the electrode lines and deviations of gaps be- 
tween the adjacent electrodes. 

(Example 7) 

[0112] An optical modulator 1 H shown in Figs. 15 and 
16 were produced. 

[01 1 3] Concretely, the optical waveguide substrate 1 2 
was produced as described in the example 2. A conduc- 
tive layer 73 (thickness of 1p,m) of gold was formed on 
the opposing face 18a of the plate-shaped supporting 
body 1 8. The main body 1 2 for an optical modulator was 
then adhered and fixed onto the opposing face 18a to 
provide an optical modulator 1 H. A film-shaped epoxy 
resin with a thickness of 100 u.m was used as the resin 
6B for the adhesion. The connecting faces (end faces) 
of the optical waveguide 4C were polished. The result- 
ing wafer was then cut with a dicing saw working ma- 
chine to obtain chips. Each chip had a width of 4.4 u,m 
and a total thickness of 1 mm. 

[01 1 4] Carbon paste was applied onto both side faces 
of each of the main body 12, resin 6B for adhesion and 
supporting body 18 to form side conductive layers 36A 
and 36B. Carbon paste was also applied onto the bot- 
tom face 1 8 of the supporting body 1 8 to form a conduc- 
tive connecting portion 35. 

[01 15] A coaxial pin of glass beads for a V-connector 
was directly connected with the signal electrode. The 
ground electrodes were conducted with a package. The 
S21 property of the mounted optical modulator was 
measured using a vector network analyzer. A ripple was 
not generally observed within a frequency range sub- 



jected for the measurement. In this case, the incidence 
of a ripple was further reduced by conducting the side 
conductive layers 36A and 36B on the side faces of the 
main and supporting bodies. 

s [0116] As described above, the present invention pro- 
vides a novel optical waveguide device having an optical 
waveguide substrate and a supporting body for the sub- 
strate, in which the resonance due to the substrate ra- 
diation mode into the whole of the waveguide substrate 

10 and supporting body may be reduced. 

[0117] The present invention has been explained re- 
ferring to the preferred embodiments, however, the 
present invention is not limited to the illustrated embod- 
iments which are given by way of examples only , and 

15 may be carried out in various modes without departing 
from the scope of the invention . 



Claims 

20 

1. An optical waveguide device comprising an optical 
waveguide substrate and a supporting body for sup- 
porting said optical waveguide substrate: 

wherein said optical waveguide substrate 
25 comprises a main body made of an electrooptic ma- 
terial, an optical waveguide and an electrode for ap- 
plying an electrical signal on said optical 
waveguide, and said supporting body has an op- 
posing face opposing said main body, said device 
30 further comprising a conductive layer covering at 
least a part of said opposing face. 

2. The device of claim 1 , comprising a joining layer be- 
tween said optical waveguide substrate and said 

35 conductive layer. 

3. The device of claim 1 or 2, wherein said optical 
waveguide substrate and said supporting body are 
joined with said conductive layer. 

40 

4. The device of any one of claims 1 to 3, wherein said 
main body of said optical waveguide substrate has 
a maximum thickness of not larger than 200 jim. 

45 5. The device of any one of claims 1 to 4, wherein said 
main body has a bottom face opposing said sup- 
porting body and a recess is formed on the side of 
said bottom face. 

so 6. The device of any one of claims 1 to 5, wherein a 
space is formed in said supporting body. 

7. The device of claim 6, wherein a low dielectric ma- 
terial having a dielectric constant lower than that of 

55 said electrooptic material is filled in at least a part 
of said space. 

8. The device of any one of claims 1 to 7 comprising 
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a feedthrough portion for connecting said electrode 
with an outer terminal, wherein said conductive lay- 
er covers at least a part of a region of said opposing 
face under said feedthrough portion. 

9. The device of claim 8, wherein said main body has 
a main face, bottom face and side faces, said elec- 
trode comprises a signal electrode and ground elec- 
trode on said main face, said signal electrode has 
an end portion near one of said side faces, an elec- 
trode gap is formed between said signal electrode 
and said ground electrode, and a feedthrough gap 
is formed between said end portion and said side 
face and between said electrode gap and said side 
face, said conductive layer covering at least a re- 
gion of said opposing face under said feedthrough 
gap. 

10. The device of any one of claims 1 to 9, wherein said 
main body has a main face, a bottom face and a 
pair of side faces and said device further comprises 
side conductive layers formed on said side faces, 
respectively, said side conductive layers being elec- 
trically connected with each other. 

1 1 . A mounting structure comprising said device of any 
one of claims 1 to 10, a housing for fixing said de- 
vice, and a high frequency connector for supplying 
a high frequency electrical signal on said electrode. 

12. The structure of claim 11, wherein said connector 
is a connector of vertical contact coaxial type. 

13. The structure of claim 11 or 12, comprising a copla- 
nar microwave line connecting said electrode and 
said connector. 

14. An optical modulator comprising said optical 
waveguide device of any one of claims 1 to 10, 
wherein said electrode applies a voltage for modu- 
lating light transmitted in said optical waveguide. 



18. The supporting member of any one of claims 1 5 to 
1 7, wherein a space is formed in said supporting 
body. 

5 19. The supporting member of claim 18, wherein a low 
dielectric material having a dielectric constant lower 
than that of said electrooptic material is filled in at 
least a part of said space. 

10 20. The supporting member of any one of claims 1 5 to 
19, wherein said optical waveguide substrate com- 
prises a feedthrough portion for connecting said 
electrode with an outer terminal, and said conduc- 
tive layer covers at least a part of a region of said 
opposing face under said feedthrough portion. 

21 . The supporting member of claim 20, wherein said 
main body has a main face, bottom face and side 
faces, said electrode comprises a signal electrode 
and ground electrode on said main face, said signal 
electrode has an end portion near one of said side 
faces, an electrode gap is formed between said sig- 
nal electrode and said ground electrode, and a 
feedthrough gap is formed between said end por- 
tion and said side face and between said electrode 
gap and said side face, said conductive layer cov- 
ering at least a region of said opposing face under 
said feedthrough gap. 

22. The supporting member of any one of claims 1 5 to 
21 , wherein said supporting body has a pair of side 
faces and said member further comprises side con- 
ductive layers formed on said side faces, respec- 
tively, said side conductive layers being electrically 
connected with each other. 



25 



30 



35 



15. A supporting member for supporting an optical 
waveguide device, said device comprising a main 
body made of an electrooptic material, an optical 45 
waveguide, and an electrode for applying an elec- 
trical signal on said optical waveguide; 

wherein said supporting member comprises a 
supporting body having an opposing face opposing 
said main body, and a conductive layer covering at so 
least a part of said opposing face. 

16. The supporting member of claim 1 5 further compris- 
ing a joining layer on said conductive layer. 

55 

17. The supporting member of claim 1 5 or 1 6, wherein 
said conductive layerfunctions as a joining layerfor 
joining said main body and said supporting body. 
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